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EINGE MOMENT AND EFFECTIVENESS OF AN
UNSWEPT CONSTANT-CHORD CONTROL AND AN OVERHANG-BALANCED,
SWEPT HINGE-LINE CONTROL ON AN 80° SWEPT POINTED WING
AT MACH NUMBERS FROM 0.75 TO 1.96

By Lawrence D. Guy
SUMMARY

An investigation of & semispen-wing-—fuselage model having an 80°
swept polnted wing with either an unbalanced constent-chord control or
an overhang-balanced swept hinge-line control was conducted in the
Langley 9- by l12-inch blowdown tunnel. Control hinge moments and effec-
tiveness characterlstics were obtaeined over an angle-of-attack range of
+16%t control deflections up to 25°. Data were obtained at Mach numbers
from 0.75 to 1.96.

Both controls were effectlve throughout the Mach number range to
the highest angles of attack and control deflections tested. The use of
sweepback and taper in the overhang-balanced control resulted in hinge
moment and effectiveness characteristics which appeared more desirable
than those exhibited in previous tests of unswept, untapered overhang-
balanced controls. The tapered overhang which balanced the control
hinge moments at subsonic speeds lntroduced no. severe nonlinearities in
the variations with control deflection of hinge lmoment, of rolling moment,
or of 1ift. The sweepback of the hinge line effectlively reduced, at
transonic speeds, the increase in hinge moment with Mach number asssocl-
ated with the rearward snd ocutward shift of the center of pressure. Com-
parison of the hinge moments, £or both of the controls acting as allerons,
deflected to produce s given rate of roll, showed much smaller hinge
moments and less change in hinge moments with Mach number for the balanced
control at transonic and low supersonic speeds. At the. highest Mach num-
ber, however, the advantages to the balanced control were decreased.
Comparison on the basls of deflectlon work for the same roll rajfe showed
little advantage to the balanced control at supersonle speeds because of
the lerge required deflectilon.
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INTRODUCTION

At the very high flight speeds of present-dsy alrcraft and missiles
the forces and moments required to actuate control surfaces have become
increasingly larger. Attempts to reduce the hinge moments of trailing-
edge controls atSupersonic speede by aerodynamic means heve generally
resulted in controls that—have overbalanced and freguently nonlinear
hinge-moment characteristice at subsonlic speeds (for exsmple see refs. 1,
2, and 3}. A need therefare exists for developing control configuretions
having only a small change in hinge-moment balanclng effectiveness at
transonic speeds together with good 1ift and rolling effectiveness at
supersonic speeds. The use of a highly swept hinge line appears prom-
ising in minimizing the hinge moments which result from the rearward and
outward movement of the center of pressure at transonic speeds (ref. 4).
Sweeping the control leading edge a greater amount than the hinge line
would provide serodynamic balance and tend to minimize nonlinearity in
the hinge-moment variations, usually assoclated with the sudden unporting
of overhang balances, by provliding progressive unporting of—the control
nose as the control i1s deflected. "An 80° swept pointed wing with a con-
trol incorporating these features has, therefore, been lnvestigated at
transonic and supersonic speeds in the Langley 9- by l2-inch blowdown
funnel. The control had 1LoC sweepback of the hinge line and a tepered-
nose overhang-balsnced surface shead of the hinge line. A second unswept,
unbalanced control was also tested and used for comparison.

Hinge-moment and. effectiveness characteristics-of both controls were
obtained over an angle-of-attack range-of +16° for control deflections
up to 250. The tests were made gt Mach numbers from 0.75 to 1.96 for

8 range of-Reynolds numbers between 3.2 X 106 and b-h x 10°.

COFFFICIENTS AND SYMBOLS

’

oL 11t coefficient, =ift
Cp drag coefficient;. ngﬁ
Qs
Cn pltching-moment cdefficient (pitching-momgnt‘reference axls
' located at 0.25¢ of the delta wing), PitChing_moment
gsSc
SONERRRILIAT,
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ngross gross rolling-moment coefficient (rolling-moment reference
axis shown in fig. 1), Semispan-model rolling moment
2q5b
Cn control hinge-moment coefficient, Hingzmzoment
q

C,,20;,40, increment in gross rolling-moment coefficient, 1ift coeffi-
clent, end plitching-moment coefficient, respectively, due
to deflection of control surface

Aoy increment in drag coefficient due to angle of attack and/or
deflection

q free-stream dynsmle pressure

S semlspan-wing ares (including area blanketed by half-body
of revolution)

Sg area of control

c local wing chord

ol

mean serodynamic chord of wing

b wing span, twice distance from rolling-moment reference axis
to wing tip

M Mach number

MM maximm deviatlion from average test-~section Mach number

Mg noment of ares of control back of hinge axis sabout hinge axls

A wing aspect ratlo

Mgl moment of area of control sbout the control leading edge

Ma2 value of M, for unbalanced control

P roll veloelty, radiens/sec

a angle of attack, deg

P el
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e} control-surfece deflection measured perpendicular to hinge
line from wing-chord plane (positive trailing edge
down), deg

R Reynolds number based on mean aerodynemic chofd of wing

el 5 ~5
W deflection work q f 2] + f af-8 -
Sl VA (57-5) o T3

Subsecripts: o N

a partial derivative of coefflclent wlth respect to «

o) partial derivative of coefficlent with respect to &

DESCRIPTION OF MODELS

The principel dimensions of the semispan-wing—body combinations
are glven in figure 1 and a photograph of one of the models is shown in
figure 2. The basic wing (fig. 1) had a delts plan form with 80°
leading-edge sweepback and a corresponding aspect ratic of-0.70. The -
symmetrical girfoll had modified round-nosed hexagonal sections 3 percent
thick at the root and 4.88 percent thick at 0.95 b/2. A second model
used the basic wing plan form and ailrfoll sectlions, the plan form being
modified by removael of 5.9 percent of the wing chord st the trsililing
edge which left the trailing edge blunt. The aspect ratio was spprox-
imately 0.77. (See fig. 1.) The wing, exclusive of the control surface,
was made of solld steel for both medels. A fuselage consisting of a
half-body of revolution together with a 0.25-inch shim was lntegral with
the wing for all tests.

The basic delta-~wing model had s constant-chord control surface
located at the wing trailing edge and extending outboard from fuselage
to wing tip. The modified wing model was equipped with a triangular,
overheng-balanced control having 4O° hinge-line sweepback. Both con-
trols were machined from heat-treated steel and hinged tothe wing by a
0.0l6-inch-diameter steel pin at or near the outboard ends. At the
inboard end, a 0.109-inch-diameter shaft, integral with the control sur-
face, wes supported by & bearing wilithin the test body and restrained by

a clasmp.
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TEST TECHNIQUE

The semispan model was cantllevered from a five-component strain-
gage balence set flush with the tunnel floor. The aerodynamic forces
and moments on the semispan-wing—body combinations were measured with
respect to the body axes and then rotated to the wind exes. The
0.25-inch shim was used to minimize the effects of the tunnel-wall
boundary layer on the flow over the fuselage (refs. 5 and 6). A clear-
ance gap of 0.010 to 0.020 inch was malntained between the fuselage shim
and the tunnel floor.

Control-surfece hinge moments were measured by means of an electri-
cal strain-gage beam which formed part of the clamp restraining the
control-surface shaft and which was contaeined within the test body. For
all tests the Mach number and control deflectlon were preset and the
angle of attack was varled.

TUNNEL AND TEST CONDITIONS

The tests were conducted in the Langley 9- by 12-inch blowdown tunnel
which operated from the compressed alr of the Langley 19-foot pressure
tunnel. The absolubte stagnatlion pressure of the air entering the test

sectlon ranged from 2 to 2% atmospheres. The compressed air was con-

ditloned to insure condensation-free flow in the test sectlion by being
passed through a silica-gel drier and then through banks of flnned elec-
trical heaters. Criteris for condensation-free f£low were obtained from
reference 7. Turbulence damping screens were located in the settling
chamber. 7PFour interchangesble nozzle blocks provided test-section Mach
numbers of 0.70 to 1.25, 1l.41, 1.62, and 1.96.

Trensonic Nozzle

A description of the transonic nozzle, which has a T- by 10-inch
test section, together with & discussion of the flow characteristlcs
obtained from limited callbration tests, is presented in reference 1.
Satisfactory test-section flow characteristlics are indicated from the
minimim Mach number (M = 0.7) to sbout M = 1.25. The meximum deviations
from the average Mach number in the region occupied by the model are
shown in figure 3(a). Limited tests indlcate that the stream angle prob-
ably did not exceed 0.1° at any Mach number. As the model angle of
attack was changed from O to ¥16°, the test-section Mach number decreased
by an amount not exceeding 0.0l. The variation with Mach number of the
average Reynolds muber of the tests 1s given in figure 3(b) within

O e ]
10.3 x 106.
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Supersonic Nozzles

Test-section flow characteristlcs of the three supersonic fixed
Mech number nozzles which had 9- by 12-inch test sectlons were deter-
mined from extensive callbration tests and are reported in reference 8.
Deviation of flow conditions in the test section with the tunnel clear
and model test Reynolds numbers are presented in the followlng table:

Average Mach number . . . . . . . . l.h1 l.62 1.96
Maximum deviation 1n Mach. -

nurber . . . . . o e v e e $0.02 +0.0L +0.02
Meximum deviation in stream

angle, deg . . . . . . o +0.25 +0.20 +0.20
Average Reynolds mumber (based -

on T of delta wing) . < .. ho0x1°% 3.5x100 3.2x 106

Accuracy and Limitatlion of Data

An estimste of the probable errors introduced in the—present data by
ingtrument-reading errors and measurlng-equipment errors are presented in
the following table:

CL ® & e & @ &8 s ¢ & e & ° & e s & @ « & & ®© ¢ s s ¢ o o e *00006
CZ e e o & o s o @ « e e ¢ ¢ e o e« 9 ¢ & & @ ¢ s e« o o @ & 0 0 0.0008

Cm . L] L . L e L - L . L] L] L L] L] . L L) L[4 * L] L - L] - - L] L) L] . O -002
CD ¢« o @ @& & o o a ¢ o e o @ e e @ e« o ¢ & e e o & e e s o 0-005

Ch(balancedcontrol).................... 0.02
Cyy (unbalanced control) .« « v o & o 4 el 4 o 4400 e e .. 0.0L
@, deg ® s e ¢ e 8 8 e e e e e e o e T 8 e & ¢ s 6_8 e s o * o O.l
5, deg . - L] L] . L] a L] L] - L] L . L L] L] - L] L L * * - - - L . - 0.2

The error in & 1is the estimated error in the no-load control
setting. Corrections for the change In deflection due to control hinge
moments were determined from static hinge-moment calibrations and spplied
to the measured no-load control setting.

Correctlons are not available for the transonlc nozzle to allow for
Jet-boundary Iinterference and blockage at transonic speeds or for
reflectlon-plane effects at high subsonlc speeds. Furthermore, reflec-
tion of the model shock and expanslon waves back onto the model by the
tunnel walls may apprecisbly affect the model loadings due to angle of
attack at low supersonic Mach numbers but should not appreclably affect
the loading due to control deflection. In the fixed Mach number nozzles
(M = 1.41 eand higher), the models were clear of reflected disturbances.
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Comparisons of experimental results obtalned in the blowdown-tunnel
transonic nozzle wilth those obtained in other facilities (refs. 1 and 9)
have served to define the limitations on the usefulness of the present
transonlc data and to indicate the magnitudes of some of the boundary
interference effects. The comparisons have indicated generally satis-
fectory agreement for the wing and control characteristles due to engle
of attack except at Mach numbers between 0.94 and 1.04. The control
characteristics due to control deflection, however, are believed reliable
throughout the Mach number range. For detailed discussion see refer-
ences 1 and 9.

RESULTS AND DISCUSSION

The aserodynamlc characteristics lneluding hinge-moment coefficlents
are presented in flgure 4 for the unbalanced, unswept control configu-
ration at M = 0.75 end are representative of the quallty of the basic
data obtalned in this investigation. Filgure 5 presents plots against
deflection of the rollling-moment coefficients and the increments in 1ift
and pltching-moment coefflclent due to deflection of the unbalenced con-
trol for Mach numbers from 0.75 to 1.96. Test data were obtained at
posltive control deflections for both positive and negative angles of
attack. In figure 5 and in subsequent figures the signs of the test
velues of angle of attack, control deflection, and model force and moment
coefficients obtalned at negative angles of attack have been arblitrarily
reversed for convenience of presentation. This was permissible by reason
of model symmetry. Incremental drag coefficients, obtalned by subtrac-
tion of the zero 1lift drag at zero deflection, are shown in figure 6 and
hinge-moment coefficients in figure 7 as functlions of control deflectlion
for the unbslanced control. For the overhang-balanced, swept hinge-line
control, incremental values of gross rolling-moment, 1lift and pltching-
moment coefficients, incremental drag coefficlents, and hinge-moment
coefficients are presented in figures 8, 9, and 10, respectively, as
functions of control deflection at Mach numbers from 0.75 to 1.96.

No corrections are availlable to allow for reflection-plane inter-
ference at subsoniec and low supersonlic Mach numbers. Some error in the
absolute values of C;, A&Cp, and AL, indicated for differentially

deflected allerons, consequently, is introduced for Mach numbers below
1.09. The error in differences of comparatlive values, however, 1s
believed small.

Control Effectiveness

For the overhang-~balanced, swept hinge-line control values of Cl,

and AC Increased in ma.gnitude with increa.sing deflection at all
’ m
eI -

SO
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Msch numbers throughout the angle-of-sttack and deflectlon range of the
tests (fig. 8). Some loss of effectiveness, as indicated by the reduced
slope of the curves 015, ACLg: and ACm&, was shown particularly for

increasing positive deflections. This is In marked contrast with results
shown previously for overhang-balanced controls (see refs. 1 and 2). At
subsonic speeds, such controls have been characterized by severe losses
in effectiveness atboth positive and negatlive deflections when the con-
trol unported (control nose no longer shielded from the alrstream by the
wing). In references 1 and 2 the unswept constant-chord baslanced con-
trols on a 60° delta wing produced little or no changes in wing 1ift

or pltching moment with increasing positive deflections above the
unporting angle. Simllar effects have been shown for an untapered
overhang-balanced, swept hinge-line control on a h5 sweptback wing

(ref. 10}. The loss of effectiveness has been attributed to reduction
of the high peak pressures ilnherent in the loading at the nose of the
control by separstion over the wing upper surface when the control
unports. In the case of the present balanced control, 1t is believed
that the tapered nose overhang served to greatly decrease these effects
through the gradual unporting of the control along the span. AL super-
sonic speeds, the overhang-balanced control of reference 1l showed con-
slderable loss of effectiveness at positive deflection with increasing
angle of attack. Although somewhat simlilar effects are shown for the
present control they are sppearently greatly attenuated by the overhang
taper and perhaps the sweepback of—the control nose and hinge line. In
general, reduction 1n curve slopes with increasing angle of attack was
shown only at positive deflectlions, whereas at negative deflectlons
little change may be noted (fig. 8). This dissymmetry of the curves about
zero deflection 1s aspparently attributeble to decreased losses due to sepa-~
ration when the nose. overhang projects on the wing high-pressure side.
Similar effects have been noted in reference 1 for the balanced control
on a 60° delte wing.

The unbalanced control also maintained effectiveness throughout the
Mach number snd angle-of-attack and deflection ranges of.the tests
(fig. 5). In general, the magnitude of values of the curve slopes 'CZB,

ACLS, and ACms decreased somewhat with elther increasing angle of

attack or deflection at deflections greater than lO . The changes Iin
curve-slope values with changes in angle of attack and deflection were
most pronounced at transonic Mech numbers nesr 1.0.

Pigure 11 shows the variation with Mach number of the slope values
of the curves of C;, A&Cr, and AC, against deflection {measured per-

pendicular to the hinge line) teken at zero angle of attack and deflec-
tion for both controls. Comparison of the magnitude of the slope param-
eters for the two controls cannot be made in a quantitative sense because
of the differences in control size and wing plan forms (see fig. 1};

gl

——
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however, the moment areas of the two controls sabout both the rolling-
moment reference axis and the pitching-moment reference axis were approx-
imately equal. Figure 11(b) shows that although the effectiveness param-
eters were smaller for the balanced control than for the unbalanced
control, the changes with Mach number were not greatly different except
near M = 1.0. In the transonic range the smaller changese shown for the
balanced control msy be attributeble to the bluntness of the control
trailing edge. Comparison of experiment with calculations based on the
method of reference 11 (and ignoring carryover effects on fuselage behind
wing) shows that at supersonic speeds C28 for the unbalenced control

was about 80 percent of that predlcted by theory, whereas CL5 was

underestimated epproximately 10 percent by theory. ZEstimates, based on
linear theory, for the balanced control were made only for M = 1.96
(the control leading edge was swept behind the Mach line at lower Mach
numbers) and indicated values of CZS and CIB of the same order as

the theoretical values for the unbalanced control. The measured values,
consequently, were gbout 50 percent of the predicted value.

Control Hinge Moments

For the overhang-balanced control, hinge-moment coefflicients due
to deflection were small at Mach numbers below 1.0 (fig. 10). At
M = 0.75, the control was slightly overbalanced (positive change in
coefficient with increasing angle). With increasing Mach number, the
slopes of the curves changed in a negatlve (unbalencing) direction
throughout the transonic speed range. The hinge-moment variations with
deflection, at subsonic speeds, were moderate and much less nonlinear
then those previously shown for unswept overhang-balanced controls
(refs. 1 and 2). For these controls or a swept back overhang-balanced
control (ref. 10), at subsonic and transonic speeds, the loss in 1ift
effectiveness when the control unported has been accompanied by severe
unbalancing changes in slope of the hinge-moment curves. Such behavior
was not shown for the balanced control of the present report. In fact
an increese in halancing effectiveness (positive change in curve slopes
occecurred at about the deflection at which the inbosrd end of the <control
unported. This increase may be attributeble to tip losses decreasing
the overall control loading behind the hinge line and thereby reducing
the unbalencing moment. At higher deflectlions the expected loss in bal-
ancing effectiveness aspparently was minimized by the gradual unporting
of the control along the span. At supersonic speeds, some loss 1n hinge-
moment-balancing effectiveness of the overhang-balance area was shown
for smell deflectlions. At higher deflections, as the control began to
unport, the overhang became increasingly effective. Angle of attack had
only small effects on the hinge-moment coefficients of the balanced con-
trol at subsonic Mach numbers. At suaersonic speeds, the negative
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increase in hinge-moment coefficients with increasing angle of attack
wag conslderably greater at negetive deflections than at positive deflec~
tions and epparently resulted from increased effectiveness of the -nose-
overhang when projecting on the wing high-pressure side.

For the unbalanced control the varlations of hinge-moment coefficient
with deflection exhibited no serious nonlinesrities except possibly at
M =0.75 (fig. 7). The curves, which had negative slope values at all
Mech numbers, were displaced negatively but otherwlse not appreciably
affected by angle of attack.

Comparison of the hinge-moment data for the two controls indicates
that- the increment in hinge moment assoclated with the rearward and out-
ward movement of the control center of pressure at fransonic speeds wes
greatly reduced by the hinge-line sweepback of-the balenced control.

This is shown in figure 11(a) by the control parameters Cha(;i— and
’ 1

Cha iﬁ"_;_ taken et o = 0° and & = 0°. In figure 11(a) comparison is
1

made of the hinge-moment coefficlents reduced on the basls of the moment
area of the control about the control leading edge+ Thils affords com~
parlison of the actual hinge moments for the two controls on a more nearly
equal basis. Values of Ch5 for the balanced control were neer zero

at subsonic speeds and Increased much less rapldly at trensonic speeds
than for the unbalanced control. The smaller increase Iin hinge moments
is attributed to the hinge-line sweepback of the balanced control since,
in generasl, the simple addition of control balance area has not reduced
the chenge in hinge moment with Mach number at transonlc speeds (see
refs. 1, 2, 3, and 10). For the balanced control Ch6 reached 2 maxi-

mum at about M = 1.25, a Velue approximately 20 percent-of that of the
unbalanced control, and was constant to higher Mach numbers. Similarly,
Chm for the balanced control increased slowly at transonic speeds end

reached & maximum at gbout the same Mach number, a value asbout 33 percent
of that of the unbal#nved -control. At higher supersonic Mach numbers

the balanced control lost much of its adventage because of the decrease
in Chs’ for the unbalanced control, with increasing Mach number.

Control Drag

Zero-lift drag values have little wvalue, principally because of
the presence of the boundary-layer shim on the test body and have there-
fore been subtracted from all drag coefficlents presented in figures 6
and 9. The values of the incremental drag coefficlents due to angle of

T -

e e
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attack are of questionsble reliability at transonic speeds because of
boundary Interference effects (see ref. 9); the drag-coefficient incre-
ments due to control deflection, however, were believed to have been
unaffected. Comparison of figures 6 and 9 shows that the drag coefficient
generally increased more rapidly with deflection for the unbalanced con-
trol than for the balanced control. This is illustrated in figure 12 by
the varistion with Mech number of the increment in drag coefficient due

to two oppositely deflected aillerons. A 10° deflectlion was chosen for
comparison of the unbalanced and balanced controls. The figure shows

that ACp for the balanced control was little more than half that for

the unbaelanced control at o = 0° and at o = 8° was less than half
the value for the unbalanced control at transonic speeds although this
value increased to TO percent at M = 1.96.

Eveluation of Control Characteristics

In order to eveluate the characteristics of the two controls under
practical conditions, figures 13 and 14 are presented. The upper plot
of figure 13 presents values of CZ estimated to be requlired to produce

an arbitrary roll rate of 15 radians per second for both wings at an
eltitude of 40,000 feet for an assumed wing area of 20k.2 square feet
(the areas of a single sileron in terms of this figure were 3.8

end 4.9 percent for the unbalanced and balanced control, respectively).

Becausge of the low values of Cz:p for such a highly swept wing, values

of C, estimated for a lower rate of roll and a smaller wing size, more

practical for a missile, were too small at supersonic speedé to permit

reasonable asccuracy in reading the experimental date plots. The values

of CZ' were calculated by use of theoretical values of CZ from ref-
. N P

erences 12 and 13. Although the values of C; do not account for
effects of wing twist on aileron effectiveness, effects of angle of attack
on Cy, and other factors that may be of importence in practice, their

P

variations with Mach number should be fairly typical if a constant rate
of roll 1s the criterion.

The other two plots of figure 13 show experimental values of hinge-
moment coefficient for equal up and down deflection of opposite allerons
which would result from the calculated required rolling moment. The

_parameter Ch<?ﬁb> is used to afford a direct comparison of the hinge

moments of the two controls. Data are shown for the static and steady
roll cases. Dsta for the statlc case sre representative of the condition

__
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in which the ailérons aré fully deflected before the ailrcraft starts to
roll. The steady-roll case 1ls Included to give an Indication of the
balancing effects on alleron hinge moments due to rolling which occur
when values of Chm are negative. The alleron hinge-moment coefficlents

for the steady-roll case were determined by computing the induced angle
of attack at the alleron centroid and assuming the effective angle of
attack to be the initiel angle of attack plus this induced angle. It-
should be mentioned that although induced angle of attaeck is a direct

function of the value of g%, for a glven wing-aileron configuration,

the relatlion between the hinge moment due to angle of attack and the
hinge moments due to deflection is -very nearly independent of the value

of E%. That 1s, 1f -linearity of the varilations of hinge moment and

rolling moment with o and B were assumed, then the hinge moments for
the steady-roll case in percent of the hinge moments for the static case
would be unchanged by reduction in the assumed roll rete or wing size.

Velues of the hinge-moment parasmeters of figure 13 are shown for
@ =0 and o« = 8° for both balanced end unbalancéd controls. A mod-
erate increase 1n the pasrameters for the balanced control i1s shown at
transonic speeds followed by a less repid increase at supersonic speeds,
whereas for the unbalanced control the parameter increased rapldly with
Mach number at transonlic speeds then decreased above M = 1.25. These
data lndicate much smaller hinge moments for the balanced control at
transonic and smaell supersonic Mach numbers and support the theoretical
analysis of reference 1L, which showed that for a low-aspect-ratio con-
trol, a highly swept hinge line would minimize control hinge moments.
For the smaller hinge moments correspondingly less torque would be
required to be availsble at the control and the strength and weight of
the actuating mechanism could be reduced. The advantages to the balanced
control, however, decreased at the higher Mach numbers but were still
considersble-at-8° angle of attack. The differences in hinge moments
between the two controls were not as great for the steady roll case as
for the -static case because of the larger velues of Cha of the unbal-

anced control.

The work required to overcome the hinge moments due to deflection
is an important consideration since it determines the amount of energy
which must be suppllied to the power-boost system. A comparison on the
baslis of deflection work for the two controls producing the above roll
rete 1s presented in figure 14 at angles of attack of 0° and 8°. These
data indicete that the deflection work was appreclably less for the balw
anced control than for the unbalanced control at subsonic and transonic
speeds; at high supersonlc speeds, however, the differences were small for

SPON R el
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both the statlc case and steady-roll case. This came about because of the
increased deflection of the balanced control required to produce the above
roll rate.

Estimates of the effect of control size on the presented comparisons
indicated that reduction in area of the balanced control to that of the
area of the unbalanced control would not change the values of the hinge-
moment parameter. The values of deflection work, however, would be
increased spproximately 40 percent because of the increase in the
required deflection.

CONCLUSIONS

An investigation of en 80° swept pointed wing with an unbalanced
constant-chord control and an overhang-balanced swept hinge-line control
in the Langley 9- by 12-inch blowdown tunnel at Masch numbers from 0.75
to 1.96 indicated the following conclusions:

1. Both controls were effective throughout the range of the investi-
gation including angles of attack of tlé and control deflections of 25°.
Although the balanced control was less effective than the unbalanced con-
trol in producing changes in C3, Cy, and Cp, the decrease in effective-
ness from subsoniec to high supersonic speeds was of the same order for
both controls.

2. The tapered overhang of the balanced swept hinge-line control
effectively balanced the control hinge moments at subsonic speeds with-
out introducing severe nonlinesrities in the varilations with deflectlons
of hinge moment, 1ift, and rolling moment such as have been shown pre-
viously for unswept untepered overhang-balanced controls.

3. Comparison of the hinge-moment characteristics for the balanced
and unbalanced controls indicated that the increment in hinge moment
assoclated with the rearward and outward movement of the center of pres-
sure at transonic speeds was greatly reduced by the hinge-line sweepback
of the balanced control. At supersonic speeds the hinge moments due to
deflection were from 20 to 33 percent of those of the unbalanced control.

4, With the conbrol deflected to produce a given roll rate the mag-
nitude of the hinge moments for the balanced confrol, up to moderate
angles of attack, showed less change with Mach number at transonic speeds
and were much smeller at small supersonic Mach numbers than for the
unbalanced control. At the highest Mach number, however, the differences
in hinge moments were not great.




1k . NACA RM L56F11l

5. Comparison of the two controls on the basig of deflection work
for the same roll rate showed only slight advantage to the balanced con~
trol at supersonlc speeds because of:the large required control

deflections. ' -

Lengley Aeronsutical Laborastory,
Netional Advisory Commlttee for Aeronautics,
Langley Field, Va., May 21, 1956.
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